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1. Introduction, purpose, or short description



APEX Capabilities

• APEX: advanced metal detector (EMI) with discrimination capability
• Detection of metal items as small as 23 mm projectiles to 15 cm depth
• Classification by matching to a library of signatures 
• Provides location, depth, best match from library, and confidence score of match
• Can provide clutter rejection rate of over 90% for larger hazards

• Designed and built by White River Technologies, Lebanon, NH, USA
• Accredited and in active commercial use for range clearance since 2019



APEX Ukraine HMA Trials

• Pretrial preparations included:
• Collection of signature library

• Acquisition of total station

• Training of trainers

• Preparation of procedures

• Import of equipment to Ukraine

• Validation testing with FFE items

• Live site trials at 5 sites in Ukraine:
• Operator training performed on site

• Cluster munitions sites: 3B30, 9N210

• Kick-out sites: ≥23 mm projectiles, 

grenades, mortars, etc.

• Minefield w/ metal mines: TM-62M



APEX Trial Key Results

• Provides reliable detection of all metal hazards as small as 23 mm projectiles to 15 cm

• Clutter rejection rates relative to LLD depend on the set of hazards and the nature of the clutter at the site:

• Coverage rate: up to 2500 m2/day with 1-m cart system

• Usability: over 45 days of live site trials at 5 sites with no significant operational problems

• Allows for more informed decisions: resolution, depth, size/type, match confidence score

R M Ky I Ko

Site R M Ky I Ko

Hazard 3B30 9N210 80 mm mortar, 

4053 mm

UXO ≥23 mm 

and grenades

TM-62M

CRR 80% 85% N/A 80% 98%



APEX Limitations

• Not able to detect minimum metal mines such as PFM-1, TM-62P3

• Slower production rate (0.5 m/s) than LLD in low contamination areas

• More complex to operate: real-time positioning, post-processing for dig list, and stake out

• Analysis of cost effectiveness ongoing: will depend on level on contamination, hazards, site



Recommendation: APEX push cart is ready for use at BAC 

or metal mine sites with high metal contamination

APEX Recommendations and Next Steps

• Ongoing: 3-month trial, cost benefit analysis

• Complete SOP development and accreditation

• Towed trial with 160-cm wide version behind Robocut

• Mini acceptance testing and HMA deployment (HD R&D)

• Modifications to increase sensitivity and improve discrimination
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FindMine GPSAR

• UAV-based sensor system for mine detection.

• FindMine GPSAR-System (ground 
penetrating synthetic aperture radar system 

• In dry and uniform soil with low vegetation, 
metallic APMs (anti-personnel mines) and 
AVMs (anti-vehicle mines) buried at their 
typical application depths are detectable

• Unburied larger UXOs, metallic APMs, 
metallic AVMs, and metallic wires can be 
detected in optically dense grass-like 
vegetation

• FSD has partnered with Findmine since 2017



Trial in Ukraine (June 2025) – Positives 

• Trialled across a dedicated training site.  

• Targets have been buried for 6 months +

• Tested with Findmine staff and independently

• All field conditions replicated at the test site

• All targets found

• Ability to conduct data analysis in-country. approx. 

30-40 mins to analyse each 25 m² box (can be 

reduced to 15-20 mins if all things align)

• Limited in-country training of FSD staff due to the 

high skill levels of the FSD team

• The team found the system easy to use



Trial in Ukraine (June 2025) – Result 1

• Evaluated area: 324 m²

• Flight time: 

11 mins

• Processing time: 25 mins

POM-32 rows 

of wooden poles

indicates 

detection 

depth



Depth profiles at the 

yellow markers

Surface level

Trial in Ukraine (June 2025) – Result 2

2 objects side by side

buried object

TM62

hidden in vegetation



Trial in Ukraine (June 2025) – Limitations 

• Importation issues

• Spoofing caused the drone to crash 

• Updated drone/software to cope with spoofing 

not ready to deploy until spring 2026

• Potential for false positives

• Local permissions to fly are problematic

• Wet soil increased the number of false 

positives



Trial in Ukraine (June 2025) – Recommendations 

• Trial usage of AI for data analysis and 

detection of EO items 

• Due to a drone crash (spoofing), trials in 

high dry grass need to be rescheduled

• Due to drone not being available, trials on 

frozen soil need to be rescheduled 

• Via AI/some other methods, attempt to 

reduce/remove/eliminate false positives 
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Challenges of subsurface landmine detection

1. Targets: Antitank mines, impacted artillery, ect. 

2. How: Impact zones, hand or machine emplaced

3. UAV Methods: Magnetometry, EMI, GPR

4. Difficulty: False alarms, non-unique signatures, 

slow, expensive, high expertise, low flight height

GPR: Metwaly, 2007

Magnetometry: Owens, Andriksons, Dobrovolskiy2025



The assessable seeded field for HMA

• 150 inert ordnance buried 
in grid

• Covered 400 m2 area

• Diverse seeded-field

• Items include: Projectiles, 
Anti-personnel mines, 
Anti-tank mines, Hand 
grenades, 40mm 
grenade, Submunitions, 
IEDs, 3D printed ERW, 
Shells & Casings, and 
Control holes, Clutter



Overview

• Capability assessment of UAV 
sensors the seeded field

• The creation of multi-modal open-
source benchmark datasets for the 
mine action research community: 
https://staging.dmsamfvv1bhon.ampli
fyapp.com

• Compare the detection fidelity and 
false positives of various sensors 

• Conduct a cost-benefit analysis and 
field considerations for deploying 
UAVs to detect landmines and UXO 
for different problem sets.

https://staging.dmsamfvv1bhon.amplifyapp.com/
https://staging.dmsamfvv1bhon.amplifyapp.com/


The data

Surface modalities Subsurface modalities

34 UniqueDatasets from all common detection modalities (across 5 Universities, 1 NGO, 2 commercial companies)



Surface Results

RGB: lowest-cost, 
most scalable, 
required lest 
expertise, highest 
detection rates, and 
highest detection 
fidelity



Subsurface Results

Handheldmetal 
detection remains 
gold standard

UAV techniques can 
be used to augment, 
not replace subsurface 
detection.

1m or lower flight height



Detection Fidelity
M65AI projectile detected in 39/42 datasets

• GPR, EMI, Mag: only could detect ´Anomaliesµ, not 
uniquely identifiable. 

• LIDAR and SAR: did not manage to reliable detect 
any items

• RGB: highest unique identifiable anomaly and overall 
detect rate from spatial domain.

• Hyperspectral: can utilize unique spectra to classify 
material property coupled with spatial domain.



UAV-based landmine detection summary

<20% detection rate

No single technology is 
effective across all 
contamination types or 
problem sets.
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